Introduction {#sec1_1}
============

Non-Meckel small intestine diverticular disease is rare and has been reported in 0.3--1.3% of postmortem studies \[[@B1]\] and in 0.5--1.9% of cases in small intestine contrast media studies \[[@B2]\]. Duodenum is the most common site of small bowel diverticula seen in up to 6% of patients. Diverticula in the jejunum and ileum are much less common. The reported incidence of diverticula in the jejuno-ileum is 0.07--1.0% on imaging studies and 0.2--20 and 0.07--0.8% on autopsies, respectively \[[@B3], [@B4]\]. Jejunal diverticulosis ranges from 0.26 to 1.3% of cases found on autopsy and from 0.075 to 8% on imaging \[[@B4]\]. However, most of the data are from almost 40 years ago, when imaging was not done on a regular basis; therefore, the reported incidence may be lower than the actual incidence reported.

Non-Meckel diverticulitis can be overlooked in the initial diagnosis because of the location of the diverticulosis, the age of the patient, and the rarity of the disease. Patients with non-Meckel small intestine diverticulosis may be asymptomatic; however, these patients can also present with malabsorption, complete small intestine obstruction, bleeding, and diverticulitis. Patients with non-Meckel small intestine diverticulitis can also present with acute abdominal pain, so non-Meckel diverticulitis should be considered in the differential diagnosis of patients with this symptom, and computed tomography (CT) scans can help identify the disease. Because most patients with non-Meckel small intestine diverticulitis are in their seventh decade of life and have several comorbidities, whether to treat these patients conservatively or surgically has been controversial. Owing to the rarity of non-Meckel small intestine diverticulitis, few studies have been published, and the data are inconclusive about how best to approach these patients.

Non-Meckel diverticula are not true diverticula, as they mostly consist of mucosa, submucosa, and serosa, whereas Meckel diverticula contain muscular wall in addition to mucosa, submucosa, and serosa. Non-Meckel diverticula are thin walled and fragile and are usually found along the mesenteric border of small intestine. Two theories have been proposed to explain the pathogenesis of non-Meckel small intestine diverticula. Cocks and Zeno \[[@B5]\] suggested that non-Meckel diverticula form when structural weakness occurs where the vasa recta blood vessels and nerves penetrate the mesentery area; this area has less fat and less longitudinal muscle than other areas \[[@B6], [@B7], [@B8]\]. Others believe that non-Meckel small intestine diverticula result from ineffective and abnormal contractions of an underlying motility disorder.

We present 4 elderly patients with non-Meckel small intestine diverticulitis who were seen by the same physician at the Emergency Center at The University of Texas MD Anderson Cancer Center between 1999 and 2014. All 4 patients were treated conservatively and were followed actively. Our findings support a conservative approach for treating elderly patients with small intestine diverticulitis, and we suggest that surgery should only be considered for complicated cases. Whereas previous studies have focused on all aspects of small intestine diverticulosis in patients of varying ages, we have limited our series to elderly patients with non-Meckel small intestine diverticulitis.

Case Reports {#sec1_2}
============

Case 1 {#sec2_1}
------

An 87-year-old man presented to the MD Anderson Emergency Center with acute abdominal pain and fever of 38°C, but he did not have nausea, vomiting, or chills. Marked abdominal tenderness was noted along the left lower quadrant of the abdomen. Sounds in the intestine were noted, and there was no sign of any lesion or organ enlargement. The physical examination also revealed an inguinal hernia, which was completely reducible without any tenderness. The patient\'s white blood cell count was 13.8 K/μL (normal range, 4--11 K/μL), and his serum glucose level was 144 mg/dL (normal range, 70--110 mg/dL).

An abdominal radiograph showed a nonspecific bowel gas pattern in the colon and small intestine without evidence of obstruction. The contrast-enhanced CT scan performed showed multiple diverticula along the mesenteric border predominantly distributed in jejunum. There was mesenteric fat stranding, circumferential thickening of a small segment of small bowel, and a small pocket of extraluminal gas adjacent to a jejunal diverticulum (Fig. [1a, b](#F1){ref-type="fig"}) suggesting small intestine diverticulitis with contained perforation.

Following consultation with a surgical consultant and discussion with family members, it was decided to observe the patient with serial examinations and clinical assessment. The patient was given intravenous fluids, nothing by mouth, and intravenous piperacillin and tazobactam (3.75 g, every 8 h). The patient\'s pain improved, his white blood cell count returned to baseline within 24 h, and his temperature normalized. The patient was discharged from the hospital after 5 days. He was given levofloxacin (500 mg, once a day) orally for 5 days with instructions to follow-up in the clinic. He has had regular follow-up visits every 6 months for 5 years and has not shown any recurrence of small intestine diverticulitis.

Case 2 {#sec2_2}
------

An 86-year-old woman presented to the MD Anderson Emergency Center with moderately severe abdominal pain (severity, 8--10). Nausea and vomiting started 5 days before the onset of pain. The pain had become very severe within the prior 24 h. She had a history of similar symptoms, which resulted in a cholecystectomy and pancreatitis.

During the physical examination, the physician found a mid-abdominal mass, which did not move with respiration and had features that were suspicious for inflammatory process. The patient\'s white blood cell count was 11.4 K/μL (normal range, 4--11 K/μL). The CT scan (Fig. [2a, b](#F2){ref-type="fig"}) showed an inflammatory mass adjacent to the second portion of the duodenum within the mesentery, but the pancreatic head and remaining pancreas appeared intact. Endoscopy findings showed 2 large diverticula in the second portion of the duodenum without evidence of overt perforation.

Because the patient was allergic to tetracycline and ciprofloxacin, she was treated with oral metronidazole (500 mg, 3 times daily) and trimethoprim with sulfamethoxazole (160 and 800 mg, respectively, twice daily) for 2 weeks. Surgical consult was obtained, and the physician decided to treat the patient conservatively because the patient\'s symptoms resolved relatively quickly and because the patient had no sign of free perforation on imaging. The patient was followed up in the clinic and was placed on long-term doxycycline (100 mg) twice daily for 1 week followed by no treatment for 5--6 weeks for approximately 1 year to treat bacterial overgrowth.

Case 3 {#sec2_3}
------

A 78-year-old woman presented to the MD Anderson Emergency Center with abdominal pain and diarrhea that had persisted for 5 days. The patient reported no other systemic problems, nausea, or vomiting. She had a history of hypertension, hyperlipidemia, atrial fibrillation, and diabetes. She also had a remote history of extraskeletal osteosarcoma of the thigh with lung metastasis, which had been treated with cytotoxic chemotherapy, lung resection, and radiation.

At the time of her presentation to MD Anderson her blood work revealed normal values, except for an elevated white blood cell count (16.4 K/μL; normal range, 4--11 K/μL). The urinalysis results of over 100 white blood cells per high-power field (normal range, 0--2) were consistent with large leukocyte esterase. The total bilirubin level was also slightly elevated (2.1 mg/dL; normal range, 0.0--1.0 mg/dL). The patient was treated with oral levofloxacin (500 mg, once per day) because she was thought to have a urinary tract infection, but she continued to have vague abdominal pain.

She underwent abdominal and pelvic CT studies, which showed multiple diverticula in the small intestine that were consistent with small intestine diverticulitis, with a large diverticulum (4.7 cm) near the jejunum (Fig. [3](#F3){ref-type="fig"}). There were no signs of perforation. Because of her age and other comorbidities, the patient was treated conservatively and was discharged from the hospital. She was treated with oral levofloxacin (500 mg, once per day) for 5 days; her leukocyte count normalized, and subsequent abdominal examinations revealed no signs of tenderness.

She remained asymptomatic for 1 year and then presented to the MD Anderson Emergency Center with unrelated transient small intestine obstruction. A CT scan showed mildly dilated, fluid-filled loops of the small intestine, consistent with possible early partial obstruction; however, the patient\'s condition improved with oral restriction and intravenous fluids. The patient never had any episodes of recurrence of small intestine diverticulitis during 7 years of follow-up, although she reported diarrhea on and off until her last follow-up. The diarrhea was attributed to diabetes-related autonomic dysfunction, and no other causes of chronic diarrhea were found.

Seven years after her small intestine diverticulitis diagnosis, the patient developed esophageal adenocarcinoma, which was limited to the esophagus. Because of her advanced age and poor social support, the patient refused treatment and died at the age of 85 years.

Case 4 {#sec2_4}
------

A 76-year-old man presented to the MD Anderson Emergency Center with constipation and a 2-day history of postprandial abdominal pain. His abdominal pain was initially transient but increased in intensity and was associated with nausea and vomiting but no fever. Two years before this episode of abdominal pain, the patient had adenocarcinoma of the hepatic flexure of the colon, which was treated with right hemicolectomy, without any evidence of recurrence. The pain was initially thought to be an intestinal obstruction owing to adhesions caused by the hemicolectomy.

The patient\'s blood tests revealed an elevated white blood cell count (19.9 K/μL; normal range, 4--11 K/μL) and elevated serum levels of amylase (136 U/L; normal range, 30--110 U/L) and lipase (823 U/L; normal range, 23--300 U/L). An abdominal X-ray showed prominent small intestine loops with multiple air-fluid levels, suggestive of early small intestine obstruction. CT scans of the abdomen with and without contrast showed an inflammatory process in the proximal jejunum. Small amounts of localized luminal air were observed, and there were inflammatory changes in the adjacent fat. The CT study of the abdomen showed numerous small intestine diverticula near the jejunum (Fig. [4](#F4){ref-type="fig"}).

Surgical opinion was obtained, but surgery was deferred for conservative management. The patient was put on a diet of clear liquids and intravenous hydration and was given intravenous ciprofloxacin (500 mg, twice per day) and metronidazole (500 mg, 3 times per day). The patient\'s condition improved, and he was discharged from the hospital after 2 days and was sent home with oral antibiotics of ciprofloxacin (500 mg, twice per day) and metronidazole (500 mg, 3 times per day) for another 12 days, with instructions to follow-up in the gastroenterology clinic. He recovered well, and, almost 8 months after his initial symptoms, he has had no abdominal pain or obstruction recurrence.

Discussion {#sec1_3}
==========

We present 4 patients with symptomatic non-Meckel small intestine diverticulitis. In our case series, the median age at diagnosis of the 4 patients was 82 years (range, 76--87 years). They all had the typical clinical presentation of small intestine diverticulitis, including abdominal pain and leukocytosis, and 2 patients also presented with elevated amylase and lipase levels (Table [1](#T1){ref-type="table"}). All patients were diagnosed on the basis of CT findings. Patient 2 also underwent esophagogastroduodenoscopy and endoscopic ultrasonography, which revealed a diverticulum in the duodenum, whereas the other 3 patients had diverticulum in the jejunum. All 4 patients were treated conservatively (without surgery), and none of the patients experienced disease recurrence. The median follow-up was 3.5 years (range, 1--7 years).

In a series of 208 patients which Akhrass et al. \[[@B9]\] collected over a 23-year period, 79% of the diverticula were found in the duodenum, 18% in the jejunum or ileum, and only 3% were found in all 3 segments. Only 42 patients presented with complications, of which only 2 patients were reported to have small intestine diverticulitis with perforations and abscess \[[@B9]\]. Others reported acute complications in 20 patients out of 112 cases collected over a period of 15 years, and only 1 had small intestine diverticulitis \[[@B10]\]. Kouraklis et al. \[[@B11]\] reported only 7 cases of small intestine diverticulitis out of 77 patients in almost 30 years of data. In a similar series, only 5 patients had jejunal diverticula and 2 had ileal diverticula \[[@B12]\]. Palder and Frey \[[@B13]\] reported 3 out of 47 patients with small intestine diverticulitis. Songne et al. \[[@B14]\] reported 3 cases of small intestine diverticulitis in a retrospective review period extending from 1995 to 2001.

Patients with small intestine diverticulitis frequently present with acute abdominal pain, leukocytosis, and elevated amylase levels, which is very similar to the presentation of our patients. Only 6--20% of patients with small intestine diverticulosis present with complications such as obstruction, malabsorption, hemorrhage, diverticulitis, or perforations. Duodenal diverticula are common but rarely cause severe diverticulitis that requires resection \[[@B2]\], whereas up to 15% of patients with jejunal diverticulosis may require small intestine resection for complications such as perforation and diverticulitis \[[@B4]\]. Compared with patients with jejunal diverticula, patients with jejuno-ileal diverticula are 4 times more likely to develop complications such as obstruction and diverticulitis and are nearly 18 times more likely to experience perforation and abscess if diagnosis is delayed \[[@B9]\]. Although some studies \[[@B9], [@B15], [@B16], [@B17]\] favor surgical intervention, patients with local and self-limited inflammation and without free perforation can be treated conservatively, and this may be the best approach. However, surgery may be necessary for patients with acute abdominal pain \[[@B14]\]. Conservative management of small intestine diverticulitis may include treatment with parenteral antibiotics and hydration, which worked well for our 4 elderly patients.

Conclusion {#sec1_4}
==========

Small bowel diverticulitis other than non-Meckel can present as acute abdominal pain and should always be considered in the differential diagnosis of acute abdominal findings on examination or cross-sectional imaging. Our results indicate that small bowel non-Meckel diverticulitis can be managed conservatively.
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![**a** Axial CT scan of the abdomen with intravenous and gastrointestinal-positive contrast. A small pocket of gas in the extraluminal location is noted indicating localized perforation. There is also very mesenteric fat-finding associated with inflammation related to small bowel diverticulitis. **b** Coronal reconstructions of the contrast-enhanced CT scan of the same patient shows her jejunal diverticulum arising from the mesenteric border.](crg-0011-0462-g01){#F1}

![**a** Axial CT scan of the abdomen with intravenous and gastrointestinal-positive contrast. There is fat stranding and an inflammatory mass in the root of the small bowel mesentery (arrow). **b** Sagittal reconstructions of the CT scan of the abdomen in the same patient shows 2 giant diverticula (asterisk) arising from the second part of the duodenum (arrowheads).](crg-0011-0462-g02){#F2}

![Axial contrast-enhanced CT scan of the abdomen. A larger diverticulum arising from the mesenteric border of the jejunum is noted with surrounding inflammatory fat stranding (arrow).](crg-0011-0462-g03){#F3}

![Sagittal reconstructions of contrast-enhanced CT scan performed with gastrointestinal contrast. There are multiple small ball diverticula (arrows) with inflammatory changes extending along the mesentery (arrowhead).](crg-0011-0462-g04){#F4}

###### 

Non-Meckel small intestine diverticulitis in 4 patients treated between 1999 and 2014

  Characteristic            Patient 1                                       Patient 2                                                           Patient 3                     Patient 4
  ------------------------- ----------------------------------------------- ------------------------------------------------------------------- ----------------------------- -----------------------------------------
  Age at diagnosis, years   87                                              86                                                                  78                            76
                                                                                                                                                                              
  Sex                       M                                               F                                                                   F                             M
                                                                                                                                                                              
  Symptoms                  Abdominal pain                                  Abdominal pain                                                      Abdominal pain and diarrhea   Abdominal pain (generalized)
                                                                                                                                                                              
  Laboratory values         Elevated leucocytes and localized perforation   Elevated leucocytes and amylase due to peripancreatic involvement   Elevated leucocytes           Elevated leukocytes, amylase and lipase
                                                                                                                                                                              
  Methods of diagnosis      CT abdomen                                      EGD with EUS/and CT                                                 CT abdomen                    CT abdomen
                                                                                                                                                                              
  Anatomic region           Jejunum                                         Duodenum                                                            Multiple/one near jejunum     Jejunum
                                                                                                                                                                              
  Other treatment           Conservative                                    Conservative with long term antibiotic                              Conservative                  Conservative
                                                                                                                                                                              
  Status/follow-up          Dead/5-year follow-up                           Alive/2-year follow-up                                              Dead/7-year follow-up         Alive/1-year follow-up

None of the patients had surgery/segment resection or recurrence. CT, computed tomography; EGD, esophagogastroduodenoscopy; EUS, endoscopic ultrasonography.
